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(57) ABSTRACT

A touch panel includes a substrate and a plurality of sensing
units. The sensing units are disposed on the substrate. Each
sensing unit includes two sensing bars respectively having a
first end and a second end. The sensing bars extend along a
direction and cross a touch region. The second end of one of
the sensing bars of each sensing unit is configured for
receiving a first signal respectively. The first ends of the
sensing bars of each sensing unit are electrically connected
to each other and configured to receive a second signal. The
second end of the other one of the sensing bars of each
sensing unit is configured to receive a third signal respec-
tively.

18 Claims, 11 Drawing Sheets

116b 116a 116¢c

116 < 116a -

N
116D L
.

116¢

116a -

122

116

18

1104

D108 108

116b 122

|
| ]
116¢ /
\

112



US 9,471,191 B2

Sheet 1 of 11

Oct. 18, 2016

U.S. Patent

L q911)

L 091 ~ 911

- 091 1)

- B9TTL > 911

- 911

Z11 ONJ_ 0Z1 01 ﬁ UMH— @y_/_
) , s N
w_‘ 0 A q e91[ 991 9911
901 _w/vj_ 4801 v \ \
U : i : i
| m©~ ! |
vl —_ L | 7 ol 801 ) E%E 71
P B ' 1 f
! CSTTTTTIoooIo 09801 gy
801 L « _ T.__\ : i
1 1 _|
PO~ | = 011 800 0L &%S | -
mwoﬁf\)rw-mln-nnn--,.-w-;nmf el v
e e S - ]
! | { 01 I _ N L]
1 [ 1 |
POl — ] 011 801 ,V | E@wo_ 44\ N
By L s e e e===t="Tqgq
Vi _____---°.C gy 8I1
U e Sk : T ]
Pl f T sor 50 01z
dowﬁ:[\\\l\_llw I”|I|H|I|H|I H|I|H|,I|H|UI = //
oz | v \\7 RI1
Z01 7 / - o911 B9l 991
Ocl eZ0] \

001-

oIl

AN N/

44!



U.S. Patent Oct. 18, 2016 Sheet 2 of 11 US 9,471,191 B2

=126

120

102

FIG. 2

124




U.S. Patent Oct. 18, 2016 Sheet 3 of 11 US 9,471,191 B2

126

120

FIG. 3

102

124




U.S. Patent Oct. 18, 2016 Sheet 4 of 11 US 9,471,191 B2

= 124

120

FI1G. 4

102




US 9,471,191 B2

Sheet 5 of 11

Oct. 18, 2016

U.S. Patent

¢ OId

901 FO1
—
.
911
1zg1
|
" F-sz1 T
[
| )
@woﬁ/\\\)_lfl I" IIIIIIIIII "I Iy N |EH)NM~ \W o_m:k
_ 4801 811
o ____ " 8zl
ﬁwwoﬁ\\l/ M | 7 U\ I_I_rl\r \ \4!
s ] ! ] 1
ozl | —H g sol 0 401 &1 H_.SPQ\ f %
, _ _ { N §
B0l = Y ===--=- J‘l‘ == - - D\ 31T \ \ v //
D 1%
201 \v .\ At ww: BIL P11
/ > oe1-AI
911
0l 01 \
qz01

001~

—9l1




US 9,471,191 B2

Sheet 6 of 11

Oct. 18, 2016

U.S. Patent

— BII 1

N:J 9 D14
901 b0l
| i
w01~ T E— - ) el i
| I _,
" @ S0 801 ,qgqp ol | USel i
! ) _
I B & i 77— A X
_ " N
- I“. |||||||| ul @®O~ w—— l_I_H\/WN~ \_l
LS b N _ ﬂ"\ ) i
! _ o 0g1
Ocl-4— I 011 woﬁ 801 @ | 19801 ¢l - \ / ﬁ
o B e — e R \ \ V
et _11 N
201~ \v \ ﬁr 5 9l 1 Wﬂ: @2@
A \ o1~ 911
0cl \ po1  PEI
qz01

\

48

— 2911 |

4911

~ 911




US 9,471,191 B2

Sheet 7 of 11

Oct. 18, 2016

U.S. Patent

ER01

B80T
0cl
B80T

01

391

T— g

—A911

L "OId
[ )
I
AL - P28l
e K o A :
ot sl sl gger @ | s i
Bl = S — s o
_ 801 _
_ . 4801 BII
[ _|_|-_,|\vy|||w|||\%|_|ﬂ_\ Lsel \ \h
/I_\\. T T __ N l_I_/I\/ _|
! | o 0€1
[ - agor ! \ / %
- 2 /)]
_ gl
5911 B911 49l 1
L v J
i og1-AI or1

\

Pl

911




US 9,471,191 B2

Sheet 8 of 11

Oct. 18, 2016

U.S. Patent

N:T/_\

901
0cl ]

0Cl—

01

0cT—

0cl |




U.S. Patent Oct. 18, 2016 Sheet 9 of 11 US 9,471,191 B2

302a

/300

100

302
FIG. 9




US 9,471,191 B2

Sheet 10 of 11

Oct. 18, 2016

U.S. Patent

Ol OIA
N:J

901 S R EEEEI EEE EEEEEE R B
201~ | - - |
| vOS|| 180T | || P08 "
S i), ] |

” wosl o1 | sagl |

| L |08 s _

” 801 f "

m 708 voe|| |

\§ g Y T
qz01 ®Z01 U
\ 011 x




US 9,471,191 B2

Sheet 11 of 11

Oct. 18, 2016

U.S. Patent

N:J
901 e .
801 |
201~ _ —
R P0S P0S P0S #0S voe || | =—1F01
" ‘ m
" 801 gor | OII
“ . ”
L e v0s | | vOS | | %08 | | WOE | | VOB | | [s—f-POI
‘ M
o so1” L 011
) }
4201 \

00¥-



US 9,471,191 B2

1
TOUCH PANEL AND TOUCH DISPLAY
DEVICE WITH SENSING BARS ARRANGED
ALONG ONE-DIMENSIONAL DIRECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/854,157, filed Apr. 1, 2013, which is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a sensing method of a
touch panel.

2. Description of the Prior Art

The touch-sensing panel has been widely used in the input
interfaces of the instruments for its properties such as the
great interaction between machines and humans. In recent
years, more consumer electronics, such as mobile phones,
GPS navigator systems, tablet computers, personal digital
assistances (PDA), and laptop computers are employed with
touch display panels.

In conventional touch panel, two patterned conductive
layer are disposed on a transparent substrate, and the pat-
terned conductive layers form a plurality of horizontal
sensing stripes and a plurality of vertical sensing stripes. The
horizontal sensing stripes are sequentially arranged along a
vertical direction, and the vertical sensing stripes are sequen-
tially arranged along a vertical direction, so that the hori-
zontal sensing stripes and the vertical sensing stripes pref-
erably cross each other. Furthermore, each horizontal
sensing stripe and each vertical sensing stripe are electrically
connected to a signal end of a control device respectively.
Accordingly, the horizontal sensing stripes and the vertical
sensing stripes can be used to sense a vertical position and
a horizontal position of an object touching the touch panel,
and the position of the object can be obtained.

However, the conventional touch panel requires two
dimensional sensing stripes, so that the two conductive
layers are required to form the horizontal sensing stripes and
the vertical sensing stripes crossing each other. Additionally,
each sensing stripe requires one signal end to control, and
thus, the control device should have enough operating
ability to perform touch sensing. Therefore, how to simply
the touch panel to reduce the cost of the touch panel has
become an important task in the field.

SUMMARY OF THE INVENTION

It is therefore an objective of the present invention to
provide a touch panel and a touch display device to reduce
the cost of the touch panel.

According to an embodiment of the present invention, a
touch panel is disclosed. The touch panel includes a sub-
strate and a plurality of sensing units. The substrate has a
touch region and a peripheral region. The sensing units are
disposed on the substrate. Each sensing unit includes two
sensing bars adjacent to each other respectively, and each
sensing bar has a first end and a second end respectively.
Each first end and each second end are disposed adjacent to
two opposite sides of the substrate respectively, and the
sensing bars of the sensing units are parallel to each other
and extending along a direction to cross the touch region.
The second end of one of the sensing bars of each sensing
unit is configured for receiving a first signal respectively.
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2

The first ends of the sensing bars of each sensing unit are
electrically connected to each other and configured for
receiving a second signal respectively. The second end of the
other one of the sensing bars of each sensing unit is
configured for receiving a third sensing signal respectively.

According to an embodiment of the present invention, a
touch display device is disclosed. The touch display device
includes a display device and a touch panel. The display
device has a displaying surface, and the display device
includes a plurality of pixels arranged in an array. The touch
panel is disposed on the displaying surface, and the touch
panel includes a substrate and a plurality of sensing units.
The substrate has a touch region and a peripheral region. The
sensing units are disposed on the substrate. Each sensing
unit includes two sensing bars adjacent to each other respec-
tively, and each sensing bar having a first end and a second
end respectively. Each first end and each second end are
disposed adjacent to two opposite sides of the substrate
respectively, and the sensing bars of the sensing units are
parallel to each other and extend along a direction to cross
the touch region. The second end of one of the sensing bars
of each sensing unit is configured for receiving a first signal
respectively. The first ends of the sensing bars of each
sensing unit are electrically connected to each other and
configured for receiving a second signal respectively. The
second end of the other one of the sensing bars of each
sensing unit is configured for receiving a third sensing signal
respectively.

The sensing units, the first conductive lines, the second
conductive lines and the third conductive lines are formed
with the same one patterned conductive layer in the present
invention, and the single patterned conductive layer can
perform a multi-touch function. Thus, the touch panel of the
present invention not only can reduce material costs through
decreasing one conductive material layer in the manufac-
turing process, but also reduce the steps of the manufactur-
ing process and the number of masks for forming the
patterned conductive material layers to decrease manufac-
turing cost of the touch panel as compared with the two
patterned conductive layers for performing the multi-touch
function in the prior art.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a top view of a
touch panel according to a first embodiment of the present
invention.

FIG. 2 is a schematic diagram illustrating a cross-sec-
tional view of FIG. 1 taken along a cross-sectional line A-A'.

FIG. 3 illustrates a touch panel according to a variant of
the first embodiment of the present invention.

FIG. 4 illustrates a touch panel according to another
variant of the first embodiment of the present invention.

FIG. 5 is a schematic diagram illustrating the touch panel
without being touched in the present invention.

FIG. 6 is a schematic diagram illustrating each sensing
unit sensing a single touch object in the present invention.

FIG. 7 is a schematic diagram illustrating each sensing
unit sensing two touch objects in the present invention.

FIG. 8 is a schematic diagram illustrating a touch panel
according to a second embodiment of the present invention.
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FIG. 9 is a schematic diagram illustrating a cross-sec-
tional view of a touch display device according to an
embodiment of the present invention.

FIG. 10 is a schematic diagram illustrating a top view of
the touch display device according to the embodiment of the
present invention.

FIG. 11 is a schematic diagram illustrating a top view of
a touch display device according to another embodiment of
the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 1 and FIG. 2. FIG. 1 is a schematic
diagram illustrating a top view of a touch panel according to
a first embodiment of the present invention. FIG. 2 is a
schematic diagram illustrating a cross-sectional view of
FIG. 1 taken along a cross-sectional line A-A'. As shown in
FIG. 1 and FIG. 2, the touch panel 100 includes a substrate
102, and a patterned conductive layer 103. The patterned
conductive layer 103 includes a plurality of sensing units
104. The substrate 102 has a touch region 102¢ and a
peripheral region 10256 surrounding the touch region 102a,
and the substrate 102 can include a transparent substrate, a
color filter substrate, an array substrate or a polarizer, but the
present invention is not limited thereto. The transparent
substrate can be made of a transparent material, such as
glass, quartz or plastic. The sensing units 104 are disposed
on the substrate 102 and sequentially arranged along a first
direction 106.

In this embodiment, each sensing unit 104 includes two
sensing bars 108 and a connecting part 110. The sensing bars
108 of each sensing unit 104 are disposed adjacent to each
other and disposed on the substrate 102 in the touch region
102a. The sensing bars 108 are disposed parallel to each
other and arranged sequentially along the first direction 106.
Each sensing bar 108 extends along a second direction 112
different from the first direction 106, and each sensing bar
108 extends from the substrate in the peripheral region 1025
at a side of the touch region 102a to the substrate in the
peripheral region 1025 at another side of the touch region
102a and crosses the whole touch region 102a. The first
direction 106 is perpendicular to the second direction 112 in
this embodiment, but the present invention is not limited
herein. Furthermore, each sensing bar 108 has a first end
108a and a second end 10856, and the first end 1084 and the
second end 1086 are disposed adjacent to two opposite sides
of the substrate 102 respectively. The second end 1085 of
one of the sensing bars 108 of each sensing unit 104 is
configured for receiving a first signal. The first ends 108a of
the sensing bars 108 of each sensing unit 104 are electrically
connected to each other and configured for receiving a
second signal. The second end 1085 of the other one of the
sensing bars 108 of each sensing unit 104 is configured for
receiving a third signal. Since each sensing bar 108 crosses
the touch region 102a, each sensing bar 108 should be
transparent, and each sensing bar 108 includes a transparent
conductive material, such as indium tin oxide or indium zinc
oxide, but the present invention is not limited herein. In this
embodiment, each connecting part 110 is disposed on the
substrate 102 in the peripheral region 1025, and each con-
necting part 110 connects the first ends 108a of the sensing
bars of each sensing unit 104 to each other, so that the
sensing bars 108 of each sensing unit 104 can be electrically
connected to each other through each connecting part 110 of
each sensing unit 104, in which the sensing bars 108 and the
connecting part 110 of each sensing unit 104 constitute a
U-shaped structure, but the present invention is not limited
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thereto. Each connecting part 110 in this embodiment also
can include a transparent conductive material, such as
indium tin oxide or indium zinc oxide, but the present
invention is not limited herein. Moreover, the connecting
parts 110 and the sensing bars 108 also can be formed with
a same transparent conductive material layer 124, but the
present invention is not limited herein. In a modified
embodiment of the present invention, the connecting part
may be disposed on the substrate in the peripheral region,
and the connecting part can include opaque conductive
material, such as metal, or other conductive material, such as
carbon nanotube. In another modified embodiment of the
present invention, the sensing bars may not cross the whole
touch region, and the sensing bars may extend from the
substrate in the touch region adjacent to a side of the
peripheral region to the substrate in the touch region adja-
cent to another side of the peripheral region. In addition, the
connecting parts may be formed with the transparent con-
ductive material, and the connecting parts are disposed on
the substrate in the touch region and disposed adjacent to a
border between the touch region and the peripheral region.

In this embodiment, the touch panel 100 further can
include a control unit 114. For example, a sensing chip can
be disposed on the flexible circuit board and electrically
connected to the sensing units 104 through the flexible
circuit board. The control unit 114 includes a plurality of
signal terminal sets 116. Each signal terminal set 116 is
configured for transmitting a signal to each sensing unit 104
and recording a charging time and a discharging time of the
signal transmitting to each sensing unit 104. Each signal
terminal set 116 includes a first signal terminal 116a, a
second signal terminal 1165 and a third signal terminal 116¢.
The first signal terminal 116a is configured for transmitting
the first signal. The second signal terminal is configured for
transmitting the second signal. The third signal terminal is
configured for transmitting the third signal. The second end
1085 of one of the sensing bars of each sensing unit 104 is
electrically connected to each first signal terminal 1164 so as
to receive the first signal. Each connecting part 110 is
electrically connected to each second signal terminal 1165 of
the control unit 114 so as to receive the second signal. The
second end 1085 of the other one of the sensing bars 108 of
each sensing unit 104 is electrically connected each third
signal terminal 116¢ of the control unit 114 so as to receive
the third signal. In a modified embodiment of the present
invention, the control unit may be directly disposed on the
substrate in the peripheral region.

In addition, the patterned conductive layer 103 further
includes a plurality of first conductive lines 118, a plurality
of second conductive lines 120, and a plurality of third
conductive lines 122, and the first conductive lines 118, the
second conductive lines 120 and the third conductive lines
122 are disposed on the substrate 102 in the peripheral
region 1025. In this embodiment, the first conductive lines
118, the second conductive lines 120 and the third conduc-
tive lines 122 are formed with a conductive material layer
126 and disposed on the transparent conductive material
layer 124. The conductive material layer 126 may include
metal material or transparent conductive material, such as
indium tin oxide or indium zinc oxide, but the present
invention is not limited herein. Each first conductive line 118
is connected to one of the sensing bars 108 of each sensing
unit 104, and each first conductive line 118 is electrically
connected to each first signal terminal 116a. Thus, each
conductive line 118 can electrically connect each first signal
terminal 116a to the second end 1084 of one of the sensing
bars 108 of each sensing unit 104, and each first signal can
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be transmitted to the second end 1085 of one of the sensing
bars 108 of each sensing unit 104. Each second conductive
line 120 is connected to the connecting part 110 of each
sensing unit 104, and each second conductive line 120 is
electrically connected to each second signal terminal 1165.
Thus, each second signal can be transmitted to each con-
necting part 110. Each third conductive line 122 is connected
to the other one of the sensing bars 108 of each sensing unit
104, and each third conductive line 122 is electrically
connected to each third signal terminal 116¢. Thus, each
third conductive line 122 electrically connects each third
signal terminal 116¢ to the second end 1085 of the other one
of the sensing bars 108 of each sensing unit 104, and the
third signal can be transmitted to the second end 1085 of the
other one of the sensing bars 108 of each sensing unit 104.
By using the first conductive lines 118, the second conduc-
tive lines 120 and the third conductive lines 122 to electri-
cally connect each sensing unit 104 and the control unit 114,
the control unit 114 can accurately calculate a resistance
between each sensing unit 104 and the control unit 114 so as
to obtain differences between the charging times of the first
signal, the second signal and the third signal before a touch
object, such finger or touch pen, touching the touch panel
100 and the charging times of the first signal, the second
signal and the third signal after the touch object touching the
touch panel 100 and obtain differences between the dis-
charging times of the first signal, the second signal and the
third signal before the touch object touching the touch panel
100 and the discharging times of the first signal, the second
signal and the third signal after the touch object touching the
touch panel 100 also can be accurately calculated by the
control unit 114.

In the present invention, the conductive material layer is
not limited to be disposed on the transparent conductive
material layer, and the conductive material layer is not
limited to be formed with the conductive material layer
different from the transparent conductive material layer.
Please refer to FIG. 3 and FIG. 4. FIG. 3 illustrates a touch
panel according to a variant of the first embodiment of the
present invention. FIG. 4 illustrates a touch panel according
to another variant of the first embodiment of the present
invention. As shown in FIG. 3, the transparent conductive
material layer 110 of this variant can be disposed on the
conductive material layer 126. That is to say that the
conductive material layer 126 used for forming the first
conductive lines 118, the second conductive lines 120 and
the third conductive lines 122 is first formed on the substrate
102, and then, the transparent conductive material layer 110
used for forming the sensing units 104 is formed on the
substrate 102 and the conductive material layer 126. As
shown in FIG. 4, the conductive material layer used for
forming the first conductive lines 118, the second conductive
lines 120 and the third conductive lines 122 and the trans-
parent conductive material layer 124 used for forming the
sensing units 104 are the same layer. That is to say that the
first conductive lines 118, the second conductive lines 120
and the third conductive lines 122 are formed with the
transparent conductive material layer 124 used for forming
the sensing units 104, which means the first conductive lines
118, the second conductive lines 120, the third conductive
lines 122 and the sensing units 104 are integrally formed at
the same time. In this variant, the sensing bars 108 of the
sensing units 104 is a rectangular stripe-shaped structure,
but the present invention is not limited to thereto. In other
modified embodiments of the present invention, the sensing
bars may be wave-shaped, ragged or irregular striped struc-
ture (not shown in figures).
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The method of the sensing unit for sensing the position of
the touch object in the present invention is detailed in the
following description. Please refer to FIG. 5 through FIG. 7.
FIG. 5 is a schematic diagram illustrating the touch panel
when no touch object touches the touch panel according to
the present invention. FIG. 6 is a schematic diagram illus-
trating each sensing unit sensing a single touch object
according the present invention. FIG. 7 is a schematic
diagram illustrating each sensing unit sensing two touch
objects according the present invention. As shown in FIG. 5,
the control unit 114 transmits the first signals 128, the
second signals 130 and the third signals 132 sequentially.
Each first signal 128 is transmitted to one of the sensing bars
108 of each sensing unit 104 so as to charge and discharge
each sensing unit 104 and record a charging time and a
discharging time of each first signal 128 when there is no
touch object touching on the touch panel 100. Then, each
second signal 130 is transmitted to the connecting part 110
of each sensing unit 104 so as to charge and discharge each
sensing unit 104 and record a charging time and a discharg-
ing time of each second signal 130. Next, each third signal
132 is transmitted to the other one of the sensing bars 108
of each sensing unit 104 so as to charge and discharge each
sensing unit 104 and record a charging time and a discharg-
ing time of each third signal 130. As shown in FIG. 6, the
control unit 114 further transmits each first signal 128, each
second signal 130 and each third signal 132 to one of the
sensing bars 108 of each sensing unit 104, the connecting
part 110 of each sensing unit 104 and the other one of the
sensing bars of each sensing unit 104 respectively, when the
touch panel 100 is touched by a plurality of touch objects
134, such as fingers, and each touch object 134 corresponds
to each sensing unit 104. Thus, each sensing unit 104 is
charged and discharged by the control unit 114, and the
charging times and the discharging times of the first signals
128, the second signals 130 and the third signals 132 can be
recorded by the control unit 114. Since the touch object 134
is coupled with the each sensing unit 104, the charging times
and the discharging times of the first signals 128, the second
signals 130 and the third signals 132 when the touch object
134 touches the touch panel 100 are different from the
charging times and the discharging times of the first signals
128, the second signals 130 and the third signals 132 when
no touch object 134 touches the touch panel 100. Accord-
ingly, the control unit 114 can distinguish and calculate the
position of the touch object 134 in the first direction 106.
The control unit 114 further compares the charging times
and the discharging times of the first signals 128 when the
touch object 134 touches the touch panel 100 to the charging
times and the discharging times of the first signals 128 when
no touch object 134 touches the touch panel 100, and then,
the control unit 114 calculates the touch position of the touch
object 134 in the second direction 112 according to the
lengths of the sensing bars 108. In a modified embodiment
of the present invention, the control unit may compare the
differences between the charging times and the discharging
times of the second signals or third signals when the touch
object touches the touch panel and when no touch object
touches the touch panel to calculate the positions of the
touch object in the first direction and the second direction.

As shown in FIG. 7, when a first touch object 1344 and
a second touch object 1345 touch the touch panel 100 at the
same time, and the first touch object 1344 and the second
touch object 1345 corresponds to the same one sensing unit
104, the control unit 114 also sequentially transmits each
first signal 128, each second signal 130 and each third signal
132 to one of sensing bars of each sensing unit 104, the
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connecting part 110 of each sensing unit 104 and the other
one of the sensing bars of each sensing unit 104 respectively
so as to charge and discharge each sensing unit 104 and
record the charging times and the discharging times of the
first signals 128, the second signals 130 and the third signals
132. When the control unit 114 transmits the first signal 128,
the first signal 128 will encounter the first touch object 134a
adjacent to the second end 1086 of one of the sensing bars
108 first. Thus, the control unit 114 can calculate the position
of the first touch object 134a in the first direction 106
through the changes of the charging times and the discharg-
ing times of the first signal 128 generated by the first touch
object 134a. When the control unit 114 transmits the second
signal 130, the second signal 130 will encounter the second
touch object 1345 adjacent to the first ends 1086 of the
sensing bars 108. Thus, the control unit 114 can calculate the
position of the second touch object 134a in the second
direction 112 through the changes of the charging times and
the discharging times of the second signal 130 generated by
the second touch object 134H. Moreover, through the
changes of the charging times and the discharging times of
the third signal 132, the control unit 114 can verify whether
a misjudgment is generated. In another modified embodi-
ment of the present invention, a sequence of the first signal,
the second signal and the third signal may be changed; that
is, the control unit may sequentially transmit the second
signal, the first signal and the third signal, but the present
invention is not limited herein.

As we can see from the above-mentioned description, the
sensing unit 104, the first conductive lines 118, the second
conductive lines 120 and the third conductive lines 122 are
formed with the same one patterned conductive layer 103 in
this embodiment, and the single patterned conductive layer
103 can perform a multi-touch function. Thus, in this
embodiment, the touch panel 100 not only can reduce
material costs through decreasing one conductive material
layer in the manufacturing process, but also reduce the steps
of the manufacturing process and the number of masks for
forming the patterned conductive material layers to decrease
manufacturing cost of the touch panel as compared with the
two patterned conductive layers for performing the multi-
touch function in the prior art. Furthermore, the touch panel
100 does not require two-dimensional sensing stripes, and
the touch panel 100 can sense the position of the touch
object 134 with the sensing units 104 arranged along the
one-dimensional first direction 106 in this embodiment, so
that the number of the signal terminals that the sensing units
104 require only is three times the number of the sensing
units 104. As compared with the number of the signal
terminals in the prior art that is the product of the number of
the sensing stripes in the first direction and the number of the
sensing stripes in the second direction, the number of the
signal terminals of the touch panel 100 further can be
effectively reduced, and the cost of the touch panel 100 can
be decreased in this embodiment.

The touch panel of the present invention is not limited to
the above-mentioned embodiment. The following descrip-
tion continues to detail the other embodiments or modifica-
tions, and in order to simplify and show the differences
between the other embodiments or modifications and the
above-mentioned embodiment, the same numerals denote
the same components in the following description, and the
same parts are not detailed redundantly.

Please refer to FIG. 8. FIG. 8 is a schematic diagram
illustrating a touch panel according to a second embodiment
of the present invention. As shown in FIG. 8, as compared
with the first embodiment, the control unit 114 of the touch

10

15

20

25

30

35

40

45

50

55

60

65

8

panel 200 in this embodiment is disposed on the substrate
102 in the peripheral region 1025, and each sensing unit 104
does not include the connecting part. In other words, the first
end 108a of each sensing bar 108 of each sensing unit 104
is directly connected to each second conductive line 120, so
that the first end 108a of each sensing bar 108 of each
sensing unit 104 can be electrically connected to each
second signal terminal 1165 of the control unit 114.

According to the touch panel of the above-mentioned
embodiments, the present invention further provides a touch
display device. The touch panel in the following description
takes the touch panel in the above-mentioned first embodi-
ment as an example, and the present invention is not limited
thereto. The touch panel in the following description may be
the touch panel of other embodiments. Please refer to FIG.
9 and FIG. 10 together with FIG. 1. FIG. 9 is a schematic
diagram illustrating a cross-sectional view of a touch display
device according to an embodiment of the present invention.
FIG. 10 is a schematic diagram illustrating a top view of the
touch display device according to the embodiment of the
present invention. As shown in FIG. 1, FIG. 9 and FIG. 10,
the touch display device 300 includes a display device 302
and a touch panel 100. The display device 302 has a display
surface 3024, and the display device 302 includes a plurality
of pixels 304 arranged in an array. The display device may
be for example a liquid crystal display device, an organic
light-emitting diode display device or a plasma display
device, but the present invention is not limited thereto. The
first direction 106 is the row direction, and the second
direction 112 is the column direction in this embodiment.
Each sensing unit 104 of the touch panel 304 overlaps at
least one column of the pixels 30, so that the sensing unit
104 corresponding to the column of the pixels 304 can sense
the touch object touching the region corresponding to at
least one pixel 304 in the column of pixels 304. In other
words, the sensing bars 108 of each sensing unit 104
corresponding to each column of the pixels 304 overlap the
column of the pixels 304 or are disposed at two sides of the
column of the pixels 304 respectively. Accordingly, when
the touch object touches the region corresponding to at least
one pixel 304 in the column of the pixels 304, the sensing
unit 104 corresponding to the column of the pixels 304 can
sense the touch object and calculate the position of the touch
object through the control unit 114. In another modified
embodiment of the present invention, each sensing unit of
the touch panel can overlap a plurality of columns of the
pixels, and the number of the columns of the pixels over-
lapping each sensing unit is determined according to the size
of the touch object.

Please refer to FIG. 11. FIG. 11 is a schematic diagram
illustrating a top view of a touch display device according to
another embodiment of the present invention. As shown in
FIG. 11, as compared with the touch display device of the
above-mentioned embodiment, the first direction 106 of the
touch display device 400 in this embodiment is the column
direction, and the second direction 112 is the row direction.
In other words, each sensing unit 104 of the touch panel 400
in this embodiment overlaps at least one row of the pixels
304, and the sensing bars 108 of each sensing unit 104
corresponding to each row of the pixels 304 overlap the row
of the pixels 304 or are disposed at two sides of the row of
the pixel 304 respectively. In another modified embodiment
of'the present invention, each sensing unit of the touch panel
can overlap a plurality of rows of the pixels, and the number
of the rows of the pixels overlapping each sensing unit is
determined according to the size of the touch object.
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In summary, the touch panel of the present invention does
not require two-dimensional sensing stripes, and the touch
panel can sense the position of the touch object with the
sensing units arranged along the one-dimensional first direc-
tion. Furthermore, the sensing units, the first conductive
lines, the second conductive lines and the third conductive
lines are formed with the same one patterned conductive
layer in the present invention, and the single patterned
conductive layer can perform a multi-touch function. Thus,
the touch panel of the present invention not only can reduce
material costs through decreasing one conductive material
layer in the manufacturing process, but also reduce the steps
of the manufacturing process and the number of masks for
forming the patterned conductive material layers to decrease
production cost of the touch panel as compared with the two
patterned conductive layers for performing the multi-touch
function in the prior art.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A sensing method of a touch panel, comprising:

providing the touch panel, the touch panel comprising:

a substrate, having a touch region and a peripheral
region; and

a plurality of sensing units, disposed on the substrate,
the sensing units being electrically insulated from
one another, each sensing unit comprising a first
sensing bar and a second sensing bar adjacent to each
other respectively, each first sensing bar having a
first end and a second end respectively, each second
sensing bar having a third end and a fourth end
respectively, each first end and each third end being
disposed adjacent to a side of the substrate, each
second end and each fourth end being disposed
adjacent to another side of the substrate opposite to
the side, and the first sensing bars and the second
sensing bars of the sensing units being parallel to
each other and extending along a direction to cross
the touch region, wherein the first end of each first
sensing bar and the third end of each second sensing
bar of each sensing unit are electrically connected to
each other;

sequentially transmitting a first signal to each of the

second ends of the first sensing bars respectively,
wherein any two of the second ends of the first sensing
bars receive any two of the first signal at different
times;

recording a charging time and a discharging time of each

first signal;
sequentially transmitting a second signal to each of the
first ends of the first sensing bars and each of the third
ends of the second sensing bars respectively, wherein
any two of the first ends of the first sensing bars receive
any two of the second signals at different times; and

recording a charging time and a discharging time of each
second signal.

2. The sensing method of the touch panel according to
claim 1, wherein the second end and the first end of each first
sensing bar receive each first signal and each second signal
respectively at different times.

3. The sensing method of the touch panel according to
claim 1, wherein in each sensing unit, the first end and the
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third end receive one of the second signals after the second
end receives one of the first signals.

4. The sensing method of the touch panel according to
claim 1, further comprising distinguishing a position of a
touch object in a first direction through the charging times
and the discharging times of the first signals.

5. The sensing method of the touch panel according to
claim 4, further comprising:

comparing the charging times and the discharging times

of the first signals when the touch object touches the
touch panel to the charging times and the discharging
times of the first signals when no touch object touches
the touch panel; and

calculating a position of the touch object in a second

direction according to a comparing result.

6. The sensing method of the touch panel according to
claim 1, further comprising distinguishing a position of a
touch object in a first direction through the charging times
and the discharging times of the second signals.

7. The sensing method of the touch panel according to
claim 6, further comprising:

comparing the charging times and the discharging times

of the second signals when the touch object touches the
touch panel to the charging times and the discharging
times of the second signals when no touch object
touches the touch panel; and

calculating a position of the touch object in a second

direction according to a comparing result.

8. The sensing method of the touch panel according to
claim 1, further comprising calculating a position of a first
touch object adjacent to the second end of one of the first
sensing bars through the charging times and the discharging
times of the first signals and calculating a position of a
second touch object adjacent to the first end of the one of the
first sensing bars through the charging times and the dis-
charging times of the second signals when the first touch
object and the second touch object touch the touch panel at
a same time.

9. The sensing method of the touch panel according to
claim 1, further comprising:

transmitting a third signal to each of the fourth ends of the

second sensing bars respectively; and

recording a charging time and a discharging time of each

third signal, wherein any two of the fourth ends of the
second sensing bars receive any two of the third signals
at different times.

10. The sensing method of the touch panel according to
claim 9, wherein the second end of each first sensing bar, the
first end of each first sensing bar and the fourth end of each
second sensing bar receive each first signal, each second
signal and each third signal respectively at different times.

11. The sensing method of the touch panel according to
claim 9, wherein in each sensing unit, the fourth end receives
one of the third signals after the second end receives one of
the first signals.

12. The sensing method of the touch panel according to
claim 9, wherein in each sensing unit, the fourth end receives
one of the third signals after the first end and the third end
receive one of the second signals.

13. The sensing method of the touch panel according to
claim 9, wherein in each sensing unit, the first end and the
third end receive one of the second signals between the
second end receiving one of the first signals and the fourth
end receiving one of the third signals.

14. The sensing method of the touch panel according to
claim 9, further comprising distinguishing a position of a
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touch object in a first direction through the charging times
and the discharging times of the third signals.
15. The sensing method of the touch panel according to
claim 14, further comprising:
comparing the charging times and the discharging times
of the third signals when the touch object touches the
touch panel to the charging times and the discharging
times of the third signals when no touch object touches
the touch panel; and

calculating a position of the touch object in a second 19

direction according to a comparing result.
16. The sensing method of the touch panel according to
claim 9, further comprising calculating a position of a first
touch object adjacent to the second end of one of the first

sensing bars through the charging times and the discharging 15

times of the first signals and calculating a position of a
second touch object adjacent to the first end of the one of the
first sensing bars through the charging times and the dis-
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charging times of the second signals when the first touch
object and the second touch object touch the touch panel at
a same time.

17. The sensing method of the touch panel according to
claim 16, further comprising verifying whether a misjudg-
ment is generated through the charging times and the dis-
charging times of the third signals.

18. The sensing method of the touch panel according to
claim 9, wherein the touch panel further comprises a control
unit, and wherein the first ends of the sensing units are
electrically connected to the control unit separately, the
second ends of the sensing units are electrically connected to
the control unit separately, the fourth ends of the sensing
units are electrically connected to the control unit separately,
and the first signals, the second signals and the third signals
are transmitted by the control unit.
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